Species belonging to two genera of leafroller moths have been shown to exhibit considerable variation in sex-pheromones. Six different pheromone types have been described, three each belonging to Planotortrix excessana and Ctenopseustis obliquana. We report here the existence of homozygous genotypes in wild-caught individuals and that no heterozygous genotypes for any of the presumptive genetic loci were recorded, despite electrophoresis of 820 individuals belonging to two pheromone types of P. excessana and 781 moths belonging to the two pheromone types of C. obliquana. This is particularly significant given that more than 500 individuals of each pair were collected from areas of sympatry. Hence these data unequivocally support the specific status of P. excessana pheromone type A and type B&C and C. obliquana type I&III and type II. A further study of 30 presumptive genetic loci of these pheromonally-distinct cryptic species reveals considerable differences in allele frequencies at other loci and shows that within pheromonal types there is a remarkable stability in gene frequencies, with little dma! variation. The variation within pheromone types that does exist results largely from regionally-distinct populations which are either geographically isolated, or subject to a range of human disturbances. The bulk of the total genetic variation within the taxonomically-described entities is among the pheromonally-distinct species. The question of the specific status of two pheromonally-distinct but allopatric populations is addressed, and it is suggested that genetic data cannot unequivocally resolve the specific status of such groups.
Introduction
The biological status of New Zealand leaf roller pheromone types within the existing (Dugdale, 1966) classifications Planotortrix excessana and Ctenopseustis obliquana has been under examination for several years (Foster et a!., 1986 (Foster et a!., , 1989 (Foster et a!., , 1991 Foster & Roelofs, 1987; Dugdale, 1990) . These studies have resulted in the suggestion that the pheromone types represent distinct species on the following bases.
(1) The pheromone types possess different longrange chemical signalling systems used in reproduction (Foster et al., 1986 (Foster et al., , 1989 Foster & Roelofs, 1987) .
(2) The females of each type attract only males of the same type in mating trials (Foster et al., 1991) .
*Correspondence.
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(3) Some minor morphological differences have been discovered that can at least partially distinguish the types (Dugdale, 1990) .
(4) Electrophoretic markers distinctive to the laboratory-reared lines of different pheromonal types have been described (Foster et a!., 1991) .
The above criteria have resolved two main types within each taxonomically described species; P.
excessana type A and type B&C, and C. obliquana type I&Ill and type II. All of the above criteria coincide for these groupings with two exceptions. In the North Island ( Fig. 1 ), C. obliquana type II cannot be separated from type I&III on the basis of the morphological distinction, but remains consistent with type II for genetic markers, pheromone signals and mating trials (Foster et al., 1990) . The second exception is for P. excessana types found on the Chatham Islands. These have been designated P. octoides by Dugdale (1990) on the basis of morphological charactersalthough they have type A pheromone signalling systems. No mating trials have been conducted between P. octoides and mainland type A individuals. Differences in the specific-mate recognition systems (SMRSs) (Paterson, 1985; Lambert et al., 1987; McEvey, 1992; Lambert & Spencer, 1995) of pheromone types are of critical importance in determining their status as biological species. Thus, the pheromone signalling differences, which originally drew attention to the possibility of cryptic species within the original taxa (Gaibreath et a!., 1985) , stifi provide the strongest evidence of new species. These differences are likely to be of importance given the mating and response trials conducted both in field cages and wind tunnels (Foster eta!., 1991) . Despite the body of evidence available, it is difficult to confirm that the pheromone types represent species
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Islands C2l-C12 -C22 Stewart Island with unique SMRSs in their typical environment. This could be directly tested by observing the outcome of matings in sympatric populations of the respective pheromone types. If these matings defined groups concordant with the pheromone types, their specific status would be supported. Of course markers can be used to recognize genetic discontinuities which may result from the existence of a number of species. Such an approach, while providing a great deal of information on the genetic structuring of natural populations is dependent upon finding a consistent genetic marker for each type. In the case of these leafroller moths, the 3-hydroxybutyrate dehydrogenase-3 locus has been shown to discriminate between some laboratory-reared strains of the two P. excessana types and the hexokinase-1 locus similarly distinguishes between some strains of the C. obliquana types (Foster et a!., 1991; White & Lambert, 1994) . These electrophoretic differences were also shown, at least for the C. obliquana types, to produce an identifiable marker for heterozygotes between them in forced laboratory crosses. These electrophoretic markers can then be used to examine the genetic outcome of reproduction in natural populations as they may indicate the species to which any collected individuals belong.
This study aimed to investigate the genetic structure of wild populations of these leafrollers belonging to these two genera In particular the following specific questions were of interest.
(1) Would electrophoretic markers which have been shown to discriminate among laboratory-reared strains of leaf roller moths also discriminate among wild-caught individuals belonging to different pheromonal types, in that no heterozygous genotypes would be detected? (2) Would the wider genetic structuring of the wild populations support the groupings recognized from laboratory-reared populations? (3) Would the geographical distribution of electrophoretically-identified groupings match those of pheromonally-and morphologically-identified groupings?
The confirmation of these points would establish that the pheromone differences in SMRSs among the types result in cohesive reproductive communities in the natural habitat. In addition, the genetic structuring of populations across geographical regions and between individual sample sites can be examined to reveal the reproductive dynamics within each type and assist in the resolution of residual questions over the status of North Island C. obliquana type II and P. octoides. For the purposes of all the analyses, North Island type II are treated as part of the rest of type II and P. octoides is treated as P. excessana type A.
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Materials and methods
Specimens examined
Samples of P. excessana and C. obliquana were collected from throughout mainland New Zealand and from the Chatham Islands. The sampling sites for P. excessana and C. obliquana are shown on Fig. 1 and the locations of each listed with the accompanying code in Table 1 . Individuals were collected as either eggs, larvae, pupae or adults and, whenever possible, kept alive until transported to the laboratory. Upon arrival adults were frozen immediately at -80°C, while earlier stages were kept in culture until they reached the adult form and were then frozen in the same manner.
Electrophoresis procedures
In all analyses 'Cellogel' electrophoresis medium was used and buffers and strains were as detailed by Richardson et al. (1986) . First, all samples were analysed electrophoretically for either the /3-hydroxybutyrate dehydrogenase or the hexokinase enzyme systems, depending on the taxonomic grouping to which they belonged. Secondly, individuals from sampling sites that produced near to, or more than 20 The populations that had sufficient numbers for analysis for the remainder of the 22 enzyme systems listed earlier are shown in Table 2 . The distributions of
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refer to C. obliquana. excessana; codes C1-C37 Table 2 ). The following electromorphs were fixed: Acon-2 a, Ao a, Est-1 a, b, Hk-i a, Idh-i a, ldh-2 b, Mdh-1 a, Mdh-2 b, Xdh a, Xo a.
populations, combined with the presence of three electromorphs for several loci, made these tests relatively insensitive in many cases. However, even quite large samples, such as those from Stewart Island, showed no significant deviation from the expected equilibrium frequencies.
The exceptions to the above generality were in two sets of populations and the deviations from equilibrium are shown in the frequency Tables 3-6. The first set were populations that were not geographically widely separated from others, but found near areas of human activity. For P. excessana type A and both C. obliquana types, these populations showed deviation from Hardy-Weinberg at one or more loci. This was particularly notable for the C. obliquana types for which these populations were also divergent in every other genetic measure. The second set of populations are represented by the Chatham Island C. obliquana type II population which showed significant deviations from equilibrium at four loci. This was not paralleled by any similar deviation in the P. excessana type A population from the Chathams.
The source of the deviation from equilibrium was the same in every case. All deviating loci in the populations concerned showed an excess of homozygotes. However, in most cases the disequilibrium was also associated with a difference in the frequencies of the electromorphs for the locus in question, suggesting that the data reflected some kind of active process, rather than an epiphenomenon of the electromorph scoring technique.
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The following electromorphs were fixed: Acon-2 a, Ao a, Est-1 a, Est-2 b, Fum b, Got-I a, Got-2 a, Gópd a, Gsr a, Hbdh-I a, Hbdh-2 a, Hbdh-3 a, Hk-1 a, Idh-1 a, Idh-2 b, Mdh-1 a, Xdh a, Xo a.
Genetic heterogeneity
To examine genetic structuring, hierarchical heterogeneity x2 analyses were performed for all cases where there was more than one population of any type within a region. The populations were divided into regions as shown in Table 7 . There was no detailed biogeographical rationale for the regional divisions made, other than a correlation with the major spatial and geographical discontinuities between the groups of populations sampled. To examine heterogeneity amongst all populations of each type, heterogeneity analyses were also performed across all the regions. The results are shown only for the comparison of loci for which significant heterogeneity was recorded. For the P. excessana no significant heterogeneity was recorded amongst the populations of either P.
excessana type within the regions described (Table 7 ).
The single exception was the Pgam locus for which there was a significant deviation for both types in the
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North Island region. Examination of the electromorph frequency data suggests this arose mainly from differences between the P30 and P19 populations at this locus.
For the analysis across all regions, the type A populations showed significant heterogeneity for 9 out of 13 loci (Table 8) . From the frequency data for the most heterogeneous loci (Gpi and Gus) the main differences are found between the Chatham Island (P28) population and all other populations. The results for the type B&C populations tend to support this. No significant heterogeneity was observed at any locus for this type.
The results of the heterogeneity analyses for the C.
obliquana showed no significant heterogeneity amongst the populations within the South Island and Stewart Island regions for either type I&III or type II. However, for the North Island region, the type I&III populations showed significant heterogeneity at 14 out of 16 loci, with 10 of these showing highly significant (P<0.01) heterogeneity (Table 7) . This high level of Table 2 ).
The following electromorphs were fixed: Acon-2 a, Ak c, Est-i a, Got-i a, Got Table 2 ).
The following electromorphs were found to be fixed: Acon-2 a, Ak c, Est-l a, Fum c, Got-la, Got-2 b, Gópd b, a Gpd c, Hbdh-l a, Hbdh-3 a, Hk-1 c, Idh-l b, Idh-2 a, Mdh-l a, Mdh-2 c, Me a, Xdh b.
from the other populations at the Ada locus, but they also differ from all other populations and considerably from each other for the Hk-2 locus. The type II patterns are not dissimilar. Amongst the South Island and Stewart Island populations there is minor variation in electromorph frequencies at the Ada and Ao loci. However, the single North Island and Chatham Island populations are very different, both from the remaining populations and each other.
F-statistics
Analyses were carried out at five levels: site (population), region, species (pheromone type), genus (a cryptic complex) and total. The results clearly showed that there was low differentiation (F5T <0.05) at most loci and moderate differentiation (0.05 <FST< 0.15) at
The Genetical Society of Great Britain, Heredity, 75, 243-255. a few, for comparisons between populations within regions or species, or between regions within species. However, there is great or very great differentiation (0.25 <FST) at most loci for populations, regions or species within genera. Grouping populations into pheromone types removes by far the most heterozygosity amongst subpopulations and explains a high proportion of the total genetic variance within the Dugdale (1966) taxa.
Discussion Biological status of pheromone types
The first objective of this genetic analysis was to determine if the genetic distinctness which identified different pheromone types in the laboratory-reared moths Thus type II appears to be homogeneous from a biological perspective. Dugdale (1990) has differentiated P. excessana type A into P. octoides on the Chatham Islands and P. octo elsewhere based on relatively minor morphological differences. The Chatham Island population shows some genetic differentiation from the mainland populations but at a much lower level than seen between the type A and B&C pheromone types. The differentiation observed would not be unexpected for a population of a species spatially, and as a consequence almost certainly reproductively separated from its parent population for some time. Thus a thorough comparison of the pheromone composition of the mainland and Chatham populations and mating trials between them would be required to resolve the question whether P. octoides is a separate biological entity.
The key issue in using the genetic data in this way is the focus on the biological implications of the data in terms of what they tell us about reproduction and mate recognition. Other authors have also used such data sets in this way (Green et a!., 1990; Comparini & Biasiolo, 1991; Eber eta!., 1991) . Other studies which draw taxonomic conclusions from the degree of genetic differentiation between groups often attempt to use such data as a measure of divergence and thus, they argue, of species status. Steck (1991) , for example, former genus. This is essentially a taxonomic approach which identifies species on the basis of some arbitrary level of difference rather than as discrete cohesive biological entities.
This study illustrates the value of genetic data for the identification of biological species when correlated with other biological information, in this case pheromone differences of importance in mate recognition. Distinct genetic markers are most useful, but patterns of discontinuities and continuities can also provide invaluable information on the status of groups within sympatric populations.
